Widespread infections with community-associated (CA) methicillin-resistant Staphylococcus aureus (MRSA) have occurred in the United States with the dissemination of the USA300 strain beginning in 2000. We examined 105 isolates obtained from children treated at the University of Chicago from 1994 to 1997 (75 methicillin-susceptible S. aureus [MSSA] and 30 MRSA isolates) in order to investigate for possible evidence of USA300 during this period. Infections were defined epidemiologically based on medical record review. The isolates underwent multilocus sequence typing (MLST), as well as assays for the Panton-Valentine leukocidin (PVL) genes, the protein A gene (spa), and arcA and opp3, proxy markers for the arginine catabolic mobile element (ACME), characteristic of USA300 MRSA. MRSA isolates also underwent staphylococcal cassette chromosome mec (SCCmec) typing and pulsed-field gel electrophoresis (PFGE) subtyping. MSSA isolates belonged to 17 sequence type (ST) groups. The 12 epidemiologically defined CA-MRSA infection isolates were either ST1 (n ‫؍‬ 4) or ST8 (n ‫؍‬ 8). They belonged to 3 different PFGE types: USA100 (n ‫؍‬ 1), USA400 (n ‫؍‬ 5), and USA500 (n ‫؍‬ 6). Among the CA-MRSA infection isolates, 8 (67%) were PVL ؉ . None of the MRSA or MSSA isolates contained arcA or opp3. Only one MRSA isolate was USA300 by PFGE. This was a health care-associated (HA) MRSA isolate, negative for PVL, that carried SCCmec type II. USA300 with its characteristic features was not identified in the collection from the years 1994 to 1997.
I
n the mid-1990s, there was a major shift in the clinical and molecular epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) infections in the United States. One of the first reports of a different epidemiology for MRSA infections was from the children's hospital at the University of Chicago Medical Center (UCMC), in which previously healthy children were found to have MRSA infections (1) . Notably, the incidence of MRSA infections among children having no previous exposure to the health care system increased significantly from 1988 -1990 to 1993-1995 at the UCMC. Another report documented rapidly fatal infections in four children in North Dakota and Minnesota from 1997 to 1999 (2) . A further rapid increase in the incidence of MRSA disease among previously healthy people was documented at the UCMC in 1998 to 1999 (3) and 2004 to 2005 (4) , and in other geographic areas in the United States (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . These infections were caused by newly emergent strains of MRSA. Because these infections occurred in community settings, the new strains of MRSA causing these infections were called community-associated (CA) MRSA strains, and the infections, as defined by epidemiologic criteria (4, 6) , have been called CA-MRSA infections.
CA-MRSA strains have been studied extensively. Pulsed-field gel electrophoresis (PFGE) revealed that the initial strains found in the Midwest, Alaska, and New York belonged to a single clonal group classified as USA400 (17) . Since 2000, however, the vast majority of isolates causing CA-MRSA infections have belonged to clonal group USA300 (17) (18) (19) .
The USA300 and USA400 strains almost always carry the Panton-Valentine leukocidin (PVL) toxin genes and staphylococcal chromosome cassette mec (SCCmec) type IV (18) (19) (20) . The SCCmec element includes the mecA gene, which is necessary for the MRSA phenotype. Unlike other CA-MRSA strain types, USA300 most often carries another large chromosomally encoded element, the arginine catabolic mobile element (ACME), which likely enhances the ability of USA300 strains to live on the skin and resist antimicrobial peptides, including spermidine (21) .
Prior to 2000, when CA-MRSA infections were relatively rare, there were many circulating CA-MRSA strain types (22) . There is evidence that before 2000, USA400 was the predominant CA-MRSA strain type in the United States (23) (24) (25) . However, there are few published data on clinical syndromes or on strain types of MRSA or methicillin-susceptible S. aureus (MSSA) isolates from children in the 1990s. Some have hypothesized that USA300 became common as a cause of MRSA infections after a precursor strain acquired the ACME (26) .
We therefore set out to compare the clinical and microbiologic characteristics of infections caused by MRSA and MSSA isolates, including community-associated and health care-associated (HA) S. aureus infections, among children at the UCMC before 2000.
(Some data in this article were presented at the Annual Meeting, Infectious Diseases Society of America, Boston, MA, 20 to 23 October 2011.)
MATERIALS AND METHODS
Samples of MSSA (n ϭ 75) and MRSA (n ϭ 30) isolates were obtained from children treated at the UCMC from 1994 to 1997. All S. aureus isolates obtained from children during this period by the Clinical Microbiology Laboratory at the UCMC were prospectively collected and were frozen at Ϫ70°C. Several boxes of these isolates were lost between 1997 and 2011. All the isolates held in the boxes that remained were included in the present study, except that when there was Ͼ1 isolate in the collection from a single patient, only the first isolate obtained was included.
The study was approved by the Institutional Review Board (IRB) of the Biological Sciences Division of the University of Chicago. For each S. aureus isolate, the medical record was abstracted by a physician; data included age, gender, date of birth, date of S. aureus isolate collection, place of culture, anatomic site of culture, clinical diagnosis, medical history, antibiotic use in the previous 12 months, information on hospitalization, hemodialysis, indwelling catheters, surgery, day care attendance and stays in long-term-care facilities or rehabilitation centers in the previous 12 months, and history of skin lesions. Antimicrobial susceptibility data from the medical record, determined according to contemporary National Committee for Clinical Laboratory Standards (NCCLS) guidelines, were recorded for each S. aureus isolate. A clinical syndrome was assigned to each patient, and each isolate was categorized as being obtained from a colonized or infected patient. Infectious syndromes included skin and soft tissue infection (SSTI), bacteremia without focus, respiratory infection, urinary infection, bone and joint infection, or other. Each infection was classified as a CA, health care-associated-community onset (HACO), or hospital onset (HO) S. aureus infection by the CDC clinical criteria (27) .
Stored isolates underwent multilocus sequence typing (MLST) (28) and PCR for detection of the PVL genes (29) , the protein A gene (spa) (30) , and arcA and opp3, proxy markers for the ACME (18) . MRSA isolates underwent SCCmec typing (31, 32) . All MRSA isolates underwent PFGE and were classified as USA100 to USA1200 according to a standard protocol (17) . The hypervariable region of the spa gene was sequenced, and the spa type was determined (30) for all MRSA isolates identified as USA300 or USA500 by PFGE.
The presence of putative risk factors for the acquisition of MRSA infection was tabulated for all subjects. Individual univariate risk factors were assessed by a t test, Kruskal-Wallis test, 2 test, or Fisher exact test, as appropriate. All analyses were performed using Stata, version 12 (StataCorp, College Station, TX).
RESULTS

Genotyping.
The 75 MSSA isolates belonged to 17 sequence types (STs) ( Table 1) .
The 30 MRSA isolates belonged to 6 PFGE clonal groups (Table 2). Only 2 MRSA isolates could not be assigned by PFGE to a defined USA type. The MRSA isolates were assigned to 6 MLSTs. The most common were ST8 (12 isolates [40%]) and ST1 (11 isolates [37%]). The majority (24 isolates [80%]) carried SCCmec type IV. Eighteen of the MRSA isolates carried the PVL genes (60%). None carried arcA or opp3. All 8 USA500 MRSA isolates belonged to ST8, were PVL ϩ , carried SCCmec type IV, and belonged to spa type t064. The single USA300 MRSA isolate as determined by PFGE, collected in 1995, was from a bloodstream infection and belonged to ST8. However, this isolate carried SCCmec type II; the ACME and PVL were absent; and it had spa type t064. Eight of 11 (73%) ST1 isolates and 10/12 (83%) ST8 MRSA isolates were PVL ϩ and carried SCCmec type IV (Table 2) , characteristics of CA-MRSA isolates.
The PVL genes were carried by 60% (18/30) of MRSA isolates but only by 4% (3/75) of MSSA isolates (P Ͻ 0.001). The PVL ϩ MSSA isolates belonged to ST121 and ST1 (causing SSTIs) and ST30 (causing a joint infection). All HA-and HACO-MSSA infections were caused by PVL-negative isolates.
Comparing MSSA and MRSA infections. There were no significant differences between MSSA and MRSA patients in clinical syndrome, age, gender, race, or site of care (inside or outside the hospital) at the time of culture (Table 3 ). The MSSA and MRSA patients also showed no significant differences in history of chronic skin, lung, liver, cardiac, or renal disease, cystic fibrosis, HIV infection, or use of systemic antibacterial antibiotics in the previous year (data not shown). There were no significant differences in history of hospitalization, surgery, hemodialysis, or stay in a long-term-care facility in the previous year, or in the presence of a central venous catheter at the time of culture. By CDC epide- miologic criteria, 12 MRSA infections (40% of those of known type by CDC epidemiologic criteria) were CA-MRSA, 13 (45%) were HO-MRSA, and 4 (14%) were HACO-MRSA infections; 2 infections were of unknown onset (Table 3) . Among the MSSA isolates, 21 (28%) were classified as CA-MSSA, 31 (41%) as HO-MSSA, and 23 (31%) as HACO-MSSA infection isolates. There was no significant difference between MSSA and MRSA infections in the percentage of isolates cultured from inpatients Ͼ48 h after hospital admission or in the percentage classified as CA or HA S. aureus according to CDC epidemiologic criteria (Table 3) .
Resistance to clindamycin and gentamicin, although unusual, was more common among MRSA isolates than among MSSA isolates in our sample (23% versus 5% for clindamycin [P ϭ 0.005] and 17% versus 3% for gentamicin [P ϭ 0.02], respectively). Clindamycin resistance, assessed by single-agent testing (i.e., the Dtest for inducible clindamycin resistance was not performed), was identified in 8 MRSA isolates, including 2 USA100, 3 USA200, and 1 USA600 isolate, the USA300 MRSA isolate, and 1 isolate for which no PFGE type could be assigned.
Comparing the genotypes and clinical syndromes of CA, HO, and HACO infections. All 12 (39%) CA-MRSA infection isolates (as defined by CDC criteria) were either ST1 (n ϭ 4 [33%]) or ST8 (n ϭ 8 [67%]). They belonged to 3 PFGE types: USA100 (n ϭ 1), USA400 (n ϭ 5), and USA500 (n ϭ 6).
Among The 2 USA100 MRSA isolates were obtained from a CA-MRSA SSTI and from a HA-MRSA bloodstream infection.
The USA300 MRSA infection isolate was from a case of HA-MRSA bacteremia and was resistant to clindamycin, erythromycin, gentamicin, and trimethoprim-sulfamethoxazole. The PFGE pattern of this isolate is shown in Fig. 1 . USA400 MRSA infections, of which 5/12 (42%) were CA-MRSA infections by CDC criteria, included SSTIs (n ϭ 8), bacteremia (n ϭ 1), and respiratory infections (n ϭ 3). The 5 USA400 CA-MRSA infections were all SSTIs.
Interestingly, USA500 isolates accounted for 8 of the 30 MRSA isolates (27%). These were uniformly PVL ϩ , which is unusual for USA500 isolates. All of them also carried SCCmec type IV, lacked arcA, and belonged to spa type t064. The majority (6/8 [75%]) were from CA-MRSA infections. The 6 USA500 CA-MRSA infections were SSTIs; of the 2 USA500 HA-MRSA isolates, 1 colonized a patient asymptomatically and the other caused a bloodstream infection.
DISCUSSION
USA300 has become the most common genetic background of MRSA causing infections in the United States, but its origins have not been well explored in epidemiologic studies. The emergence of USA300 MRSA was extremely rapid. We found that USA300 was almost absent among the MRSA isolates that we obtained before 1998 at the UCMC despite the early report of CA-MRSA infections in children at our center increasing between 1988 and 1995 (1). The single pre-1998 USA300 isolate identified in the present study differed genotypically from typical USA300 isolates in that it lacked the genes encoding the PVL toxin and arcA from the ACME, and it carried SCCmec type II. At the UCMC in 1994 to 
(100) 30
a PFGE, pulsed-field gel electrophoresis; MLST, multilocus sequence typing; PVL, Panton-Valentine leukocidin; arcA and opp3, markers for the arginine catabolic mobile element (ACME) detected by PCR. b The isolates fell within the standard criteria used for inclusion in the USA typing scheme (at least 80% similarity to the pattern of a particular USA type). NT, nontypeable; the isolate(s) indicated did not fall into one of the known USA type clonal groups. All isolates showed banding patterns by PFGE. If an isolate had Ͼ80% pattern similarity with multiple USA types, the USA type that had the highest percentage of similarity was designated as the type. c Only USA300 and USA500 isolates were genotyped using spa typing. NA, not applicable (testing was not conducted).
1997, USA400 and USA500 isolates were likely the most common clonal types causing MRSA infections in children. It has been suggested that USA500 was a precursor to USA300 MRSA, which became common after 2000 (26) . The pulsotype of one isolate in our study clustered with USA300, but the genetic characteristics more closely resembled those of USA500, since this isolate lacked arcA and had spa type t064. This is consistent with the possibility that this single USA300 MRSA isolate (by pulsotype) was a progenitor that arose from USA500.
It is noteworthy that we identified 2 isolates that were USA400 but were typed as ST8 by MLST. This was an unexpected finding.
The group of MSSA and MRSA patients in 1994 to 1997 for whom we had isolates did not differ in the demographic or clinical variables assessed, suggesting that the risk factors for MRSA infections were similar to those for MSSA infections in children at our center. This is surprising, because in the era before 2000, it may have been surmised that MRSA infections would still have been most common among children with health care exposure. Furthermore, the MSSA backgrounds identified in 1994 to 1997, with a predominance of ST5, ST15, ST30, and ST45, were similar in distribution to the STs of MSSA isolates identified at our center in adults and children in 2004 to 2005 (33) . Also, in 2004 to 2005, 7% of 114 MSSA isolates from children and adults at the UCMC were PVL ϩ , and in our sample from children in 1994 to 1997, 4% of 75 MSSA isolates were PVL ϩ , a nonsignificant difference (33) . This suggests that the genotypes of MSSA isolates collected from patients at the UCMC did not change dramatically in the first decade of the CA-MRSA era in the United States (1993 to 2003).
Few MRSA isolates obtained from patients in the United States before 2001 have been genotyped. From a review of the published literature, we identified 9 articles (34-42) that included RIDOM (ribosomal differentiation of medical microorganisms) spa typing, MLST, or USA system PFGE typing data on 438 MRSA isolates, collected mostly from adults in the United States in 1988 to 2000. For 342 isolates, MLST was performed, identifying 27 STs. The 7 commonest STs accounted for 88.6% (303/342) of the isolates; these were ST1 (n ϭ 15), ST5 (n ϭ 66), ST8 (n ϭ 95), ST30 (n ϭ 13), ST36 (n ϭ 72), ST59 (n ϭ 25), and ST105 (n ϭ 17). Among 107 isolates that underwent spa typing, no isolates of type t008, the type most closely associated with USA300, were reported. Many of the spa types reported in references 34 to 42 have been associated with either ST1 or USA400 in later studies (43) (44) (45) (46) (47) (48) (49) . None was typed as USA300 or carried both the ACME and PVL. Importantly, however, PFGE was not performed on many of the ST8 isolates reported (see Table S1 in the supplemental material).
Our study has certain limitations. We studied the available sample of MRSA and MSSA isolates from 1994 to 1997. There was no known bias in the isolate collection, and we believe that we were able to ascertain the major STs circulating at our center at the time. The study was retrospective, and therefore, we were not able to interview the patients. We may not have identified all risk factors for health care exposure in our medical record review, which may have resulted in the misclassification of CA-and HACO-MRSA patients. Our study may have been underpowered to detect characteristics associated with MRSA and MSSA patients, but we examined all subjects for whom isolates were available.
In summary, we identified only a single USA300 isolate, which lacked the ACME and PVL, from 1994 to 1997, suggesting that the typical USA300 MRSA, prevalent after 2000, was not yet circulat- ing before 1998 in the pediatric population served at the UCMC. In contrast, USA500/ST8-IV-t064 MRSA was commonly identified. We suggest that the USA500 strain type may have been a precursor of USA300. USA400 and USA500 were likely the predominant MRSA strain types circulating among children at our center in 1994 to 1997. Further genomic studies of these strain types may elucidate the relationship among these types and suggest the critical differences that enabled USA300 MRSA to succeed as the predominant CA-MRSA strain type in North America. We found that few clinical characteristics could distinguish pediatric patients with MRSA and MSSA infections during the study period. 
